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Beam position at the j-th BPM after a single kick:

zj
n =

√

βj
zeiΦj

zAze
iQz(θj+2πn) + c.c. (z = x, y)

n ≡ turn number Az = |Az|e
iδz ≡ constant of motion

Φz ≡

∫ θ

0

dθ ′
R

βz

− Qzθ (periodic phase function)

Twiss functions:

βj
z = |Zj(Qz)|

2/A2
z µj

z = arg (Zj) − δz Zj(Qz) ≡ Fourier component of zj

Amplitude fit:

|Az|
2 =

∑

j 1/β0z
∑

j 1/|Zj(Qz))|2
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In the presence of coupling, the excitation of one mode will excite the other too at the same

frequency. Following for instance a horizontal kick (first order approximation):

yj
n =

[

√

βj
y

(

e−iΦj
ywj

+ − eiΦj
ywj

−

)

−

√

βj
xeiΦj

x sinχj

]

AxeiQx(θj+2πn) + c.c.

χj ≡ tilt of j-th BPM

Coupling functions:

w±(θ) = −

∫ 2π

0

dθ′
C±(θ′)

4 sinπQ±

e−iQ±[θ−θ′
−πsign(θ−θ′)]

Q± ≡ Qx ± Qy

C±(θ) ≡
R

√

βxβy

2Bρ

{(∂Bx

∂x
−

∂By

∂y

)

+ Bθ

[(αx

βx

−
αy

βy

)

− i
( 1

βx

∓
1

βy

)]}

ei(Φx±Φy)

Minimum tune split:

∆ ≡ |C̄−| C̄± =
n± − Q±

π

∫ 2π

0

dθ w±ein±θ n± ≡ Round(Qx ± Qy)

This analysis is routinely used for correcting the coupling at Tevatron during shot set up.

2



Code testing on simulated Booster data
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Actual Booster data - AC mode (August 31)
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Observation: BPMs are not “synchronised”!
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Conclusions

• B:HST16L and B:VST16S are suspect.

• The data are not suitable for a fine optics measurement through FFT analysis.

• The tunes could be clearly tracked.

• The coupling computation looks reliable and indicates a large coupling.
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